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(54) Exhaust manifold for an engine 

(57) An exhaust manifold (M) for an engine (E) in- 
cludes a manifold body (7) having a plurality of branch 
pipes (5, to 5 4 ) and a common collecting chamber (6) 
integrally connected to the branch pipes and for com- 
municating with an exhaust emission control device (C) 
is divided into an upper half (7A) and a lower half (7B) 
at a boundary face (14) extending in a direction of ar- 
rangement of the branch pipes. The upper and lower 
halves are made of steel plates and welded to each oth- 
er. In the exhaust manifold, a welding mating coupler 
(15) is formed by outer edges of the upper and lower 
halves, and a welding stepped superposing coupler (1 8) 



is formed by inner edges of the upper and lower halves. 
Thus, during welding, it is possible to limit the misalign- 
ment of the upper and lower halves in a direction along 
the boundary face and the misalignment of the upper 
and lower halves in a direction perpendicular to the 
boundary face by cooperation of the mating coupler and 
the stepped superposing coupler. In addition, because 
the stepped superposing coupler is used for coupling of 
inner edges of the upper and lower halves to each other, 
it is possible to ensure sufficient clearances between the 
adjacent branch pipes, and to easily conduct the oper- 
ation of mounting of the exhaust manifold to the engine 
by utilizing the clearances. 
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Description 

The present invention relates to an exhaust mani- 
fold for an engine, which is to be connected to a cylinder 
head of the engine for receiving exhaust gas from a 
combustion chamber. 

A conventional exhaust manifold for an engine in- 
cludes a manifold body which is comprised of a plurality 
of branch pipes and a common collecting chamber inte- 
grally connected to the branch pipes and for communi- 
cating with an exhaust emission control device and 
which is divided into an upper half and a lower half at a 
boundary face extending in a direction of arrangement 
of the branch pipes, the upper and lower halves being 
made of steel plates and being welded to each other. 

In such a conventional exhaust manifold, a welding 
mating coupler is formed by the entire opposed edges 
of the upper and lower halves, for example, as disclosed 
in Fig 6 of Japanese Utility Model Registration Publica- 
tion No. 6-31140. 

In the exhaust manifold having the above structure 
a measure to limit the misalignment of the upper and 
lower halves in the direction of arrangement of the 
branch pipes is not taken. For this reason, in some cas- 
es the halves may be misaligned from each other in the 
direction of arrangement of the branch pipes during a 
welding in some cases and hence it is difficult to effi- 
ciently produce an exhaust manifold with a small man- 
ufacturing error. In addition, the mating coupler existing 
at opposed surfaces of the adjacent branch pipes large- 
ly narrows a clearance between the adjacent branch 
pipes, resulting in a disadvantage that the mounting op- 
eration is impeded thereby, which operation involves 
coupling the exhaust manifold to the cylinder head by 
utilizing the clearance as a working space and the like. 

According to a first aspect and feature of the present 
invention, there is provided an exhaust manifold for an 
engine, comprising a manifold body which is comprised 
of a plurality of branch pipes and a common collecting 
chamber integrally connected to the branch pipes and 
communicating with an exhaust emission control de- 
vice, said manifold body being divided into an upper half 
and a lower half at a boundary face extending in a di- 
rection of arrangement of the branch pipes, the upper 
and lower halves being made of respective steel plates 
and welded to each other, wherein a welding mating 
coupler is formed by opposed outer edges of the upper 
and lower halves which are located at outermost posi- 
tions in said direction of arrangement of the branch 
pipes, and a welding stepped superposing coupler is 
formed by opposed inner edges of the upper and lower 
halves facing each of clearances between adjacent 
ones of the branch pipes. 

With the first feature of the present invention, the 
misalignment of the upper and lower halves of the man- 
ifold body in a direction along the boundary face and the 
misalignment of the upper and lower halves in a direc- 
tion perpendicular to the boundary face can be limited 



during the welding by cooperation of the mating coupler 
with the stepped superposing coupler. Thus, it is possi- 
ble to enhance the manufacturing accuracy and the 
mass producibility of the exhaust manifold. In addition, 
5 since the stepped superposing coupler is used for cou- 
pling of the inner edges of the upper and lower halves 
to each other, it is possible to ensure a sufficient clear- 
ance between the adjacent branch pipes and to easily 
conduct the operation for mounting the exhaust mani- 
io fold to the engine by utilizing this clearance. 

According to a second aspect and preferred feature 
of the present invention, in addition to the first feature, 
paddle-like reinforcing portions are formed on the man- 
ifold body to extend between and connect the adjacent 
branch pipes, wherein opposed wall surfaces of the up- 
per and lower halves forming the reinforcing portions are 
disposed in proximity to each other at a distance such 
that they do not come into contact with each other even 
due to vibrations. 

With the second feature of the present invention, 
even if the exhaust manifold is vibrated under reception 
of the pulsing of the pressure therein and/or the vibration 
of the engine, the generation of a chattering motion at 
the reinforcing portions can be prevented. Moreover, 
each of the reinforcing portions exhibits a constricting 
effect on the adjacent branch pipes, and the effective 
length of each of the branch pipes cannot be changed 
unintentionally. Further the depth of constriction of each 
reinforcing portion is decreased by an amount corre- 
sponding to the fact that the opposed wall surfaces are 
not in contact with each other at each of the reinforcing 
portions and hence, it is possible to facilitate the forma- 
tion of the upper and lower halves by pressing and to 
contribute to a reduction in cost. 

Further, according to a third aspect and preferred 
feature of the present invention, in addition to the first 
or second feature, an exhaust gas sensor is mounted to 
the collecting chamber for detecting the concentration 
of a component in the exhaust gas flowing through the 
inside of the collecting chamber, and all the branch pipes 
are formed so that their axes join together at one point 
within the collecting chamber, the exhaust gas sensor 
having a detecting portion disposed at the one point. 

With the third feature of the present invention, even 
in the collecting chamber defined to have a relatively 
small volume, a concentration of a component in all the 
exhaust gas, e.g. an average concentration of 02 can 
be accurately detected by the exhaust gas sensor and 
the activation of the exhaust gas sensor can be promot- 
ed. In addition, by the reduction in volume of the collect- 
ing chamber, the dropping In the temperature of the ex- 
haust gas flowing from the exhaust manifold to the ex- 
haust emission control device can be minimized to the 
utmost, thereby promoting an exhaust purifying reaction 
in the exhaust emission control device. 

According to a fourth aspect and preferred feature 
of the present invention, in addition to the third feature, 
at least some of the branch pipes are curved so that the 
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downstream ends of the pipes meet at one point and at 
an inner wail of each of the curved branch pipes, a down- 
stream portion is offset toward a center of a flow path in 
the pipe with respect to an upstream portion with an in- 
clined portion Interposed therebetween. s 

With the fourth feature of the present invention, the 
lengths of those portions of the flow path in the curved 
pipe on the inner and outer sides in the direction of the 
curve can be equalized to each other to the utmost, 
thereby diminishing the difference between the flow 10 
speed of the exhaust gas in the inner portion of the flow 
path and the flow speed of the exhaust gas in the outer 
portion of the flow path. Thus ; it is possible to more ac- 
curately detect the concentration of a component in the 
exhaust gas flowing through the branch pipes using the is 
exhaust gas sensor. 

Yet further, according to a fifth aspect and preferred 
feature of the present invention, in addition to the first, 
second or third feature, the exhaust manifold further in- 
cludes a sensor mounting boss which comprises a 20 
smaller-diameter cylindrical portion positioned and fitted 
in a mounting bore provided in the manifold body, and 
a larger diameter cylindrical portion which is coaxially, 
integrally connected to the smaller-diameter cylindrical 
portion and projection-welded on a lower surface there- 25 
of to an outer surface of the manifold body, wherein an 
exhaust gas sensor mounting threaded bore is provided 
through central portions of the smaller-diameter and 
larger-diameter cylindrical portions, and a projection- 
welding annular projection having an acute apical angle 30 
9 and defined in a lower surface of the larger-diameter 
cylindrical portion by an outer peripheral surface of the 
larger-diameter cylindrical portion and by a tapered sur- 
face extending upwards from a lower end of the outer 
peripheral surface toward the center of the larger-diam- 35 
eter cylindrical portion. 

With the fifth feature of the present invention, if the 
sensor mounting boss is projection-welded to the ex- 
haust manifold, an annular weld zone formed between 
them is to be located at an outer peripheral edge of the 40 
sensor mounting portion, and when an air leakage por- 
tion is produced in the annular weld zone, this leakage 
portion can be repaired extremely easily and reliably by 
a partial padding. Moreover, the effect of the thermal 
strain of the annular weld zone on the threaded bore 45 
due to welding heat can be decreased by the fact that 
the annular weld zone is located at the outer peripheral 
edge of the sensor mounting boss. As a result, it is pos- 
sible to increase the diameter of the threaded bore and 
decrease the diameter of the entire sensor mounting so 
boss and moreover, to provide an inexpensive exhaust 
manifold having a sensor mounting boss, which has a 
high air-tightness at the annular weld zone and moreo- 
ver, in which the partial repairing can be simply per- 
formed. 55 

Yet further, according to a sixth aspect and pre- 
ferred feature of the present invention, in addition to the 
fifth feature, the apical angle ft of the annular projection 



4 

is in a range of 20° to 70°. 

With the sixth feature of the present invention, the 
melting of the annular projection can be produced with 
a welding current having a relatively low value and as a 
result, it is possible to simultaneously provide air-tight- 
ness at the annular weld zone and a reduction in con- 
sumption of electric power. 

Yet further, according to a seventh aspect and pre- 
ferred feature of the present invention, in addition to the 
sixth feature, the larger-diameter cylindrical portion has 
an annular recessed groove provided in its lower sur- 
face adjacent the inside of the annular projection. 

With the seventh feature of the present invention, 
molten slag produced from the annular projection can 
be accommodated in the recessed groove and prevent- 
ed from entering the threaded bore. 

A preferred embodiment of the invention will now 
be described ; by way of example only, and with refer- 
ence to the accompanying drawings in which: 

Figs. 1 and 2 are a front view and a side view of an 
engine equipped with an exhaust manifold accord- 
ing to an embodiment of the present invention, re- 
spectively; 

Figs. 3 and 4 are a front view and a side view of the 

exhaust manifold, respectively; 

Fig. 5 is a sectional view taken along a line 5-5 in 

Fig.4; 

Figs. 6 and 7 are sectional views taken along lines 
6-6 and 7-7 in Fig. 3; 

Fig. 8 is a sectional view taken along a line 8-8 in 
Fig. 3; 

Fig. 9 is an enlarged sectional view of a sensor 
mounting boss shown in Fig. 6; 
Fig. 1 0 is a vertical sectional view corresponding to 
Fig. 9. but showing the sensor mounting boss im- 
mediately before projection welding; 
Fig. 11 is a vertical sectional view of a sensor 
mounting boss according to another embodiment, 
before projection welding; 

Fig. 12 Is a vertical sectional view of the sensor 
mounting boss after projection-welding; 
Fig. 13 is a vertical sectional view of a sensor 
mounting boss according to a further embodiment 
before projection -welding; 

Fig. 1 4 is a vertical sectional view of a prior art sen- 
sor mounting boss before projection-welding; and 
Fig. 15 is a vertical sectional view of the sensor 
mounting boss shown in Fig. 14 after projection- 
welding. 

Referring first to Figs. 1 and 2 showing a first em- 
bodiment a plurality of (four in the illustrated embodi- 
ment) exhaust ports 2 V 2 2 , 2 3 and 2 4 open into a front 
surface of a cylinder head 1 of an engine E. An exhaust 
manifold M is mounted to the cylinder head 1 by a plu- 
rality of stud bolts 3, 3 and nuts 4, 4 for introducing an 
exhaust gas discharged from the exhaust ports into a 
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common catalytic converter C (an exhaust emission 
control device). 

Referring to Figs. 3 to 7. the exhaust manifold M 
includes a manifold body 7 comprising four branch pipes 
5 1 to 5 4 individually communicating v/ith the four ex- 
haust ports 2t to 2 4 , a common collecting chamber 6 
integrally communicating with downstream ends of the 
branch pipes 5^ to 5 4> and paddle-like reinforcing por- 
tions IOj to 10 3 each extending between adjacent ones 
of the branch pipes 5, , 5 2 , 5 3 , 5 4 to connect the adjacent 
branch pipes 5 V 5 2 , 5 3 , 5 4 ; a first flange plate 8 welded 
to upstream ends of the branch pipes 5 V 5 2 , 5 3 and 5 4 ; 
and a second flange plate 9 welded to an outlet end of 
the collecting chamber 6. The branch pipes 5-,, 5 2 , 5 3 
and 5 4 extending from a front surface of the first flange 
plate 8 disposed substantially vertically are curved 
downwards toward the second flange plate 9 disposed 
substantially horizontally. A sensor mounting boss 11 is 
mounted to the collecting chamber 6 for mounting an 
exhaust gas sensor S. 

A large number of mounting bores 12, 12 are pro- 
vided in the first flange plate 8 to surround the upstream 
ends of the branch pipes 5-,, 5 2 , 5 3 and 5 4 . Particularly, 
the mounting bore 1 2 located at a lower and intermedi- 
ate position is disposed to face each of clearances 1 3-,, 
13 2 and 1 3 3 between the adjacent branch pipes 5 V 5 2 , 

5 3 , 5 4 , as shown in Fig. 3. The first flange plate 8 is se- 
cured to a front surface of the cylinder head 1 by insert- 
ing the stud bolts 3, 3 protruding on a front surface of 
the cylinder head 1 through the mounting bores 12, 12 
and threadedly fitting the nuts 4, 4 over the stud bolts 3, 
3. 

The second flange plate 9 is used for connection 
with the catalytic converter C. 

The manifold body 7 is divided into an upper half 7A 
and a lower-half 7B at a boundary face 14 including axes 
A i ■ &2> A 3 and A 4 °f tne four branch pipes 5-, , 5 2 , 5 3 and 

5 4 . Each of the halves 7A and 7B is made by pressing 
of a steel plate used as a blank. 

Upon pressing, a stepped mating coupler 15 is 
formed by opposed outer edges of the halves 7A and 
7B located at an outermost position in a direction of dis- 
position of the branch pipes 5 V 5 2 , 5 3 and 5 4 . Specifi- 
cally, the mating coupler 15 is comprised of an upper 
flange 16 protruding outwards from each of the outer 
edges of the upper half 7A along the boundary face 14, 
and a lower flange 17 protruding outwards from each of 
the outer edges of the lower half 7B and mated to the 
upper flange 16. These flanges 16 and 17 are welded 
to each other. 

A stepped superposing coupler 1 8 is formed by op- 
posed inner edges of the halves 7A and 7B facing each 
of the clearances 1 3 n , 1 3 2 and 1 3 3 between the adjacent 
branch pipes 5 V 5 2 , 5 3 , 5 4 . Specifically, the stepped su- 
perposing coupler 18 is comprised of a straight coupler 
piece 19 rectilinearly extending from each of the inner 
edges of the upper half 7A in a direction perpendicular 
to the boundary face 14, and a stepped coupler piece 



20 risen to engage an outer surface of the straight cou- 
pler piece 19 while forming a step 20a extending out- 
wards from each of the inner edges of the lower half 7B. 
These coupler pieces 1 9 and 20 are welded to each oth- 
5 er. 

With the mating couplers 1 5, 1 5 is formed at the out- 
er edges of the upper and lower halves 7A and 7B upon 
the above-described welding, the misalignment in the 
direction perpendicular to the boundary face 14 be- 

10 tween the halves 7A and 7B is limited by the superpo- 
sition of the upper and lower flanges 16 and 17. With 
the stepped superposing couplers 18 formed at the in- 
ner edges of the upper and lower halves 7 A and 7B, the 
misalignment in the direction along the boundary face 

is 14 between the halves 7A and 7B is limited by engage- 
ment of the straight coupler piece 19 and the stepped 
coupler piece 20 with each other. Thus, it is possible to 
easily produce a manifold body 7 made of steel plate 
with an extremely small manufacturing error. 

20 The coupler facing each of the clearances 1 3 1 , 1 3 2 
and 13 3 between the adjacent branch pipes 5-,, 5 2 , 5 3 , 
5 4 is the stepped superposing coupler 18 protruding 
sideways in an extremely small amount and hence, the 
amount by which each clearance 13 v 13 2 , 13 3 is nar- 

2S rowed by the couplers 1 8 is extremely small. Therefore, 
in mounting the first flange plate 8 to the cylinder head 
1 , the mounting operation can be easily carried out, for 
example, by inserting a tool into each clearance 13-,, 
1 3 2 , 1 3 3 without being obstructed by the coupler 1 8, and 

30 thread fitting the nut 4. 

As shown in Figs. 7 and 8, the paddle-like reinforc- 
ing portions 10^ 10 2 and 10 3 are formed, so that the 
opposed wall surfaces of the upper and lower halves 7A 
and 7B may be adjacent to each other the distance be- 

35 tween them being in a range such that they do not come 
into contact with each other, even if they are vibrated. 

Therefore, even if the manifold body 7, particularly, 
the reinforcing portions 10 1t 10 2 and 10 3 are vibrated 
under reception of the pulsing of the pressure of the ex- 

40 haust gas within the exhaust manifold M and/or the vi- 
bration of the engine E, a chattering due to the contact 
of the opposed wall surfaces is not produced at the re- 
inforcing portions 10-,, 10 2 and 10 3 . Moreover, the op- 
posed wall surfaces of the reinforcing portions 1 0 A , 1 0 2 , 

45 and 1 0 3 exhibit a constricting effect on the branch pipes 
5 lt 5 2 , 5 3 and 5 4 but these are sufficiently in proximity 
to and adjacent one another and hence, the effective 
length of the branch pipes 5^ 5 2 , 5 3 and 5 4 cannot be 
shortened by the reinforcing portions 10-,, 10 2 and 10 3 . 

50 Further, in the reinforcing portions 10-,, 1 0 2 and 1 0 3 , 

the depth of reinforcing portions 10 1f 10 2 and 10 3 con- 
stricted upon the formation of the upper and lower 
halves 7A and 7B by the pressing is decreased by an 
amount corresponding to the fact that the opposed wall 

55 surfaces are not in contact with each other. This facili- 
tates the formation of the halves by the pressing to con- 
tribute to a reduction in cost. 

As best shown in Figs. 3 and 4, all the four branch 
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pipes 5-| , 5 2 , 5 3 and 5 4 are formed, so that their axes A., , 
A 2 , A 3 and A 4 intersect together at one point P within 
the collecting chamber 6 (desirably, at the center within 
the collecting chamber 6). A detecting portion Sa of the 
oxygen (0 2 ) sensor which acts as an exhaust gas sensor 
and is mounted to the mounting boss 11 , fixedly mount- 
ed on the upper wall of the collecting chamber 6, is dis- 
posed at the one point P. 

Referring again to Fig. 3, the two inner branch pipes 
5 2 and 5 3 as well as the two outer branch pipes 5-, and 
5 4 are of symmetric shapes and hence, the branch pipes 
5,, 5 2 , 5 3 and 5 4 are curved so that their downstream 
ends extend toward the one point P. In this case, in order 
to ensure that the length of an outer portion of a flow 
path in each of the branch pipes 5^ 5 2 , 5 3 and 5 4 in a 
direction of the curve and the length of an inner portion 
of the flow path in the direction of the curve are equal to 
each other to the utmost, the wall surface of each of the 
two inner branch pipes 5 2 and 5 3 which is inner in the 
direction of the curve, is formed so thai a downstream 
portion c thereof is offset to the center of the flow path 
with respect to an upstream portion a with an inclined 
portion b interposed therebetween, and the wall surface 
of each of the two outer branch pipes 5 1 and 5 4 , which 
is inner in the direction of the curve, is formed so that it 
is curved more steeply toward the inside of the flow path. 

Exhaust gases discharged from the exhaust ports 
2 V 2 2 , 2 3 and 2 4 in the engine E are introduced into the 
branch pipes 5 V 5 2 , 5 3 and 5 4 of the exhaust manifold 
M and meet together at one point in the common col- 
lecting chamber 6. Therefore, the oxygen (0 2 ) sensor S 
having the detecting portion Sa disposed at the one 
point P, i.e., the point of meeting of all the gases, can 
accurately detect an average concentration of oxygen 
(0 2 ) in all the exhaust gases and hence, a fuel supplying 
device can be properly controlled in order to appropri- 
ately regulate the combustion state of the engine E and 
the concentration of 0 2 in the exhaust gas in response 
to an output signal from the 0 2 sensor S. If the concen- 
tration of 0 2 in the exhaust gas is appropriately control- 
led in the above manner, the active state of the catalytic 
converter C is maintained by a normal oxidizing reaction 
to efficiently perform the exhaust gas purifying action, 
when the exhaust gas is fed from the collecting chamber 
6 of the exhaust manifold M to the catalytic converter C. 

Moreover, the one point P is a point at which the 
average concentration of 0 2 in the exhaust gas can be 
detected and which is nearest to the branch pipes 5-,, 
5 2 , 5 3 and 5 4 and hence, the 0 2 sensor s having the de- 
tecting portion Sa disposed at the one point P is exposed 
to the exhaust gas having a high temperature immedi- 
ately after being passed through each of the branch 
pipes 5 1? 5 2 , 5 3 and 5 4 and can exhibit the detecting 
function early because of an early activation after the 
start of the engine. 

In addition, by the fact that the average concentra- 
tion of 0 2 in the exhaust gas can be accurately detected 
at the one point P, the volume of the collecting chamber 



6 can be reduced, whereby the drop in temperature of 
the exhaust gas before reaching the catalytic converter 
C can be minimized to the utmost, thereby promoting 
the exhaust purifying reaction in the catalytic converter 

5 C. 

Further, since those wall surfaces of the two inner 
branch pipes 5 2 and 5 3 which are inner in the direction 
of the curve and those wall surfaces of the two outer 
branch pipes 5-, and 5 4 which are inside in the direction 
10 of the curve are formed in the above manner to ensure 
that the lengths of those portions of the flow path in the 
branch pipes 5-, to 5 4 which are inner and outer in the 
direction of the curve are as close to each other as pos- 
sible, a difference in speed between the inner portion 
15 and the outer portion of the flow path in each of the 
branch pipes can be minimized when the exhaust gas 
flows in the branch pipes 5, to 5 4 . As a result, a more 
accurate average concentration of 02 in the exhaust 
gases flowing through the branch pipes can be detected 
by the 0 2 sensor S. 

The sensor mounting boss 11 and the structure of 
welding thereof will be described below with reference 
to Figs. 9 and 10. 

The sensor mounting boss 11 comprises a smaller- 
diameter cylindrical portion 22 positioned and fitted in 
the mounting bore 21 provided in the upper wall of the 
collecting chamber 6, and a larger-diameter cylindrical 
portion 23 having a lower surface opposed to the outer 
surface of the collecting chamber 6 and coaxially inte- 
grally connected to the smaller-diameter cylindrical por- 
tion 22. An annular projection 24 is formed on the lower 
surface of the larger diameter cylindrical portion 23 to 
extend along an outer peripheral edge of the larger di- 
ameter cylindrical portion 23. The annular projection 24 
is formed by an outer peripheral surface a of the larger 
diameter cylindrical portion 23 and a tapered surface b 
extending at an acute angle from a lower end of the outer 
peripheral surface a toward the center of the larger-di- 
ameter cylindrical portion 23. 

In welding the sensor mounting boss 11 to the col- 
lecting chamber 6, the smaller-diameter cylindrical por- 
tion 22 is inserted through the mounting bore 21 in the 
collecting chamber 6. Then, if an electric current is al- 
lowed to flow between a pair of upper and lower welding 
electrodes T n and T 2 , while clamping the larger-diame- 
ter cylindrical portion 23 and the upper wall of the col- 
lecting chamber 6 by the pair of upper and lower welding 
electrodes T-, and T 2 so that the annular projection 24 
on the larger-diameter cylindrical portion 23 are brought 
into pressure contact with the outer surface of the col- 
lecting chamber 6, namely, a projection welding is con- 
ducted in which the annular projection 24 is molten to 
form a weld zone 25 between the outer peripheral edge 
of the larger-diameter cylindrical portion 23 and the col- 
lecting chamber 6, as shown in Fig. 9, thereby bonding 
the sensor mounting boss 11 to the collecting chamber 
6. 

Thereafter, the airtightness of the annular weld 
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zone 25 between the sensor mounting boss 11 and the 
collecting chamber 6 is examined. If an air-tightness 
leakage point has been found, this point can be easily 
and simply repaired only by providing a padding on the 
air-tightness leakage point by arc welding. This is be- 
cause the annular weld zone 25 is located at the outer 
peripheral edge of the larger-diameter cylindrical portion 
23. 

The formation of the annular weld zone 25 at the 
outer peripheral edge of the larger-diameter cylindrical 
portion 23 ensures that the strain of the threaded bore 
Ha due to a welding heat can be minimized, whereby the 
diameter of the threaded bore 11a can be increased, or 
the diameter of the entire sensor mounting boss 11 can 
be reduced. 

If the apical angle 6 of the annular projection 24 is 
acute, particularly, in a range of 20° to 70° the melting 
of the annular projection 24 occurs with a relatively low 
welding current, and the air-tightness of the annular 
weld zone 25 together with a reduction in electric power 
consumed can be provided. 

Here, in order to make more clear the usefulness of 
the sensor mounting boss 11 according to the present 
invention, a problem with respect to the structure of 
welding of the sensor mounting boss which has been 
attempted hitherto, will be described below. 

As shown in Figs. 14 and 15, an attempt has been 
made to form a projection-welding annular projection 
024 at a radially intermediate portion of a lower surface 
of a larger-diameter cylindrical portion 023 of a sensor 
mounting boss 11, similar to a welding nut in the prior 
art (for example, see Japanese Utility Model Application 
laid-open No. 55-122983). The annular projection 024 
is then brought into pressure contact with the outer sur- 
face of an exhaust manifold M, and subjected to a pro- 
jection-welding to form an annular weld zone 025 be- 
tween the sensor mounting boss 11 and the exhaust 
manifold M. As a result, an air-tightness leakage has 
been often produced in the annular weld zone 025. 
Thereupon, even if an attempt has been made to pro- 
vide a padding at the air-tightness leakage point by an 
arc welding for the repairing purpose, it has been difficult 
to closely connect the padding to the annular weld zone 
025, because the annular weld zone 025 extends from 
an outer peripheral surface into a deeper portion of the 
sensor mounting boss 11. Eventually, It has been failed 
to achieve the partial repairing, and the entire outer pe- 
ripheral edge of the larger-diameter cylindrical portion 
023 must be welded again, which is non-efficient and 
uneconomical. Such a problem is solved as described 
above by the present invention. 

Figs. 11 and 12 illustrate another structure of weld- 
ing of the sensor mounting boss 11. This structure is 
similar to that described in the previous embodiment, 
except that an annular recessed groove 26 of a V-shape 
in section is provided adjacent an inner side of the an- 
nular projection 24 in the lower surface of the larger- 
diameter cylindrical portion 23 of the sensor mounting 



boss 1 1 , so that a molten slag 27 produced from the an- 
nular projection 24 upon the projection welding is ac- 
commodated in the annular recessed groove 26. In Figs. 
11 and 12, portions or components corresponding to 

s those in the previous embodiment shown in Figs. 9 and 
10 are designated by like reference characters. 

According to this embodiment, the entry of molten 
slag 27 into the threaded bore lla can be prevented. 
Fig. 13 illustrates a further structure of welding of 

io the sensor mounting boss 11. This structure is similar to 
that in the embodiment shown in Figs. 11 and 12, except 
that an annular recessed groove 26 of a V-shape in sec- 
tion is defined in the lower surface of the larger-diameter 
cylindrical portion 23 in place of the annular recessed 

is groove 26 of the V-shape in section in the above-de- 
scribed embodiment. 

Although the embodiments of the present invention 
have been described in detail, it will be understood that 
the present invention is not limited to the above-de- 

20 scribed embodiments, and various modifications may 
be made without departing from the spirit and scope of 
the invention defined in claims. For example, the straight 
coupler piece 1 9 of the stepped superposing coupler 1 8 
may be provided on the lower half 7B, and the stepped 

25 coupler piece 20 may be provided on the upper half 7A. 

It will be seen that at least in its preferred forms the 
present invention provides an exhaust manifold for an 
engine, which has only a small manufacturing error if 
any and is excellent for mass production, and in which 

30 a sufficient clearance can be ensured between adjacent 
branch pipes. 

Claims 

35 

1. An exhaust manifold (M) for an engine (E), compris- 
ing a manifold body (7) which comprises a plurality 
of branch pipes (5, to 5 4 ) and a common collecting 
chamber (6) integrally connected to said branch 

40 pipes and for communicating with an exhaust emis- 
sion control device (C), said manifold body being 
divided into an upper half (7A) and a lower half (7B) 
at a boundary face (14) extending in a direction of 
arrangement of the branch pipes, the upper and 

45 lower halves being made of respective steel plates 
and being welded to each other, wherein a welding 
mating coupler (15) is formed by opposed outer 
edges of said upper and lower halves which are lo- 
cated at outermost positions in said direction of ar- 

50 rangement of said branch pipes (5^ to 5 4 ), and a 
welding stepped superposing coupler (18) is 
formed by opposed inner edges of said upper and 
lower halves facing each of clearances (13-,, 133, 
1 3 3 ) between adjacent ones of the branch pipes. 

55 

2. An exhaust manifold (M) for an engine (E) as 
claimed in claim 1 , wherein said manifold body (7) 
has paddle-like reinforcing portions (10 1( 10 2 , 10 3 ) 
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formed thereon to extend between and connect the 

adjacent branch pipes (5 1 to 5 4 ), wherein opposed 

wall surfaces of said upper and lower halves (7A, 

7B) forming said reinforcing portions are disposed 

in proximity to each other at a distance such that $ 8. 

they do not come into contact with each other even 

due to vibrations. 

3. An exhaust manifold (M) for an engine (E) as 
claimed in claim 1 or 2. further including an exhaust 10 
gas sensor (S) mounted to said collecting chamber 

(6) for detecting the concentration of a component 
in an exhaust gas flowing through the inside of said 
collecting chamber, wherein all said branch pipes 
(5t to 5 4 ) are formed so that their axes (A 1 to A 4 ) 15 
join together at one point (P) within said collecting 
chamber, said exhaust gas sensor having a detect- 
ing portion disposed at said one point. 

4. An exhaust manifold (M) for an engine (E) as 20 
claimed in claim 3, wherein at least some of the 
branch pipes (5-, to 5 4 ) are curved so that the down- 
stream ends of the pipes are met at said one point 
(P), and at an inner wall of each of the curved 
branch pipes, a downstream portion (c) is offset to- 2S 
ward the center of a flow path in the pipe with re- 
spect to an upstream portion (a) with an inclined 
portion (b) interposed therebetween. 

5. An exhaust manifold (M) for an engine (E) as 30 
claimed in claim 1 , 2 or 3, further including a sensor 
mounting boss (11) which comprises a smaller-di- 
ameter cylindrical portion (22) positioned and fitted 

in a mounting bore (21 ) provided in said manifold 
body (7), and a larger-diameter cylindrical portion 35 
which is coaxially, integrally connected to said 
smaller-diameter cylindrical portion and projection- 
welded at a lower surface thereof to an outer sur- 
face of said manifold body, wherein an exhaust gas 
sensor mounting threaded bore is provided through 40 
central portions of said smaller-diameter and larger 
diameter cylindrical portions, and a project ton -weld- 
ing annular projection (24) having an acute apical 
angle (9) and defined in a lower surface of the larg- 
er-diameter cylindrical portion by an outer peripher- 45 
al surface (a) of said larger-diameter cylindrical por- 
tion and by a tapered surface (b) extending upwards 
from a lower end of said outer peripheral surface 
toward the center of said larger-diameter cylindrical 
portion. so 

6. An exhaust manifold (M) for an engine (E) as 
claimed in claim 5, wherein said apical angle (9) of 
said annular projection (24) is in a range of 20° to 
70°. 55 

7. An exhaust manifold (M) for an engine (E) as 
claimed in claim 5 or 6, wherein said larger-diame- 



ter cylindrical portion (23) has an annular recessed 
groove (26) provided in its lower surface adjacent 
the inside of said annular projection (24). 

An exhaust manifold (M) for an engine (E), compris- 
ing a manifold body (7) which comprises a plurality 
of branch pipes (5, to 5 4 ) and a common collecting 
chamber (6) integrally connected to said branch 
pipes and for communicating with an exhaust emis- 
sion control device (C), said manifold body being 
divided into an upper half (7A) and a lower half (7B) 
at a boundary face (14), the upper and lower halves 
being made of respective steel plates and being 
welded to each other, wherein a first coupler (15) is 
provided so as to limit relative movement of the two 
halves (7A and 7B) in a direction perpendicular to 
the boundary face ( 1 4) prior to welding, and wherein 
a second coupler (18) is provided so as to limit rel- 
ative movement of the two halves (7A and 7B) in a 
direction parallel to the boundary face (14) prior to 
welding. 
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FIG. 2 




10 

.SDOCID: <EP 081B616A1 J_> 



EP 0 818 616 A1 




EP0 818 616 A1 
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FIG.1 1 
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FIG.1 3 




FIG.14 
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